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Several halo- and cyanopyrroles related to the trail pheromone of Atru rexanu 
(Buckley), were prepared and tested by a faster and more sensitive bioassay than was 
previoitsly available. Responsiveness of the ants in descending order to these com- 
pounds, based on the substituent in the number two position, is: esters, methyl ketones, 
aldehydes. Slight activity was observed when the nitrogen atom of the pyrrole ring 
was alkylated. 

The recent description (Tumlinson et al. 1972) of 
a trail pheromone of the Tex;ts (town) leafctitting ant, 
A ttu feAcrnri (Bitckley ) ,  represents the I st elitcidation 
of an ant trail substance. Synthetic work ciirectcd to- 
ward developing active analogues and toward untier- 
standing the (chen1ic;tI) stri~ctural basis for activit!, 
would be valuable for arriving at  a selective control 
method devoid of toxicants. Although the town ant. 
a nuisance primarily becaiise of its wintertime de- 
struction of pine seectlings, is the only established 
leafctitting ant species in the United States, there 
are 180-200 species of leafcutting ants in this hemi- 
\phere, many of which rank as major economic pests 
in Centrat and Sottth America (Weber 1972).  
Knowledge and iiiethociology gained from A .  tc.urlrzn 
may be iiseful in future atteriipts to control other 
species of the tribe Attini. 

Sonnet recently cievelopcd an excellent synthetic 
route to 4-substituted pyrrole-2-aldehydes and esters 
(Sonnet 1971, 1972a). When this method \\as ap- 
plied to obtain screening canciidates (Sonnet and 
Moser 1972) we discovered that the 4-chloro and 
4-broniopyrrole-2-carboxaldehydes and rileth yl car- 
boxylates were quite active. On the other hand, 
positional isomers of the natural pheromone, niethy l 
4-methylpyrrole-2-c:trhoxylate ( I  ) were esscntiallq 
inactive. as was the N-methyl derivative of I (coni- 
poiinds are identified in Table I ) .  We surriiised from 
;his fact that the carbonyl si~bstituent niitst be ad- 
jacent to an iinsiibstitc~ted nitrogen for maximum 
'ictivity and that the identity of the other ring sub- 
\tituent was of lesser conseqilence than its position 
on the ring. We undertook preptiration and exarni- 
nation of a \crie\ of halogenated esters, aldehydec, 
.tnd Letones. and tve Jcscribc here the responws ot 
the towti ant 3 4  nteasureci by a ncw and n-rore cftica- 
e ~ o i ~ s  bioa\s,i). 

Rlaterials and kletftods 

The \ynthc\ec, of the pherorttone. / (St.tnnct 1 '972h). 
.ind of the halogenated ester\ and aldeh>des, 2 .  3, 6 ,  
.ind 7, a\ well a\ ot 1 3 ,  and 22 f Sonnet 19723, 
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Sonnet and Moscr 1972) have been described. The 
preparations of the iocio and cyano derivatives, 4, 5 ,  
S, 9, 14, 1 5 ,  and I C Y  also are described in detail else- 
where (Sonnet 1973). The halogenated ketones 
( 10-f 2 1 and the pyrrolizinones ( I9-2 l  ) will like- 
wise be detailed in an appropriate cheriiical publica- 
tion. Coriipoitnds I6 and 17 were prepared by N- 
methylation (sodium hydride followed by methyl 
iodide) of 6 and 7 respectively. 

All ~ t r t~c tu r e s  were confirmed by infrared and nu- 
clear magnetic resonance spectroscopy, chemical 
analyses, and gas chromatography whenever the pos- 
sibility of positional isomerism existed. For example, 
16 yielded the following physical data: nieiting point 
36 .54r i5C (from petroleum ether) ;  a carbonyl band 
at 5.95 but no NH band at 5.95 p and no NH 
hand in its infrared spectrum, and the nitclear mag- 
net ic resonance spectrum which was observed in car- 
bon tetrachloride ( &  values are given in parts per 
~iiillion from tetramethylsilane) showed bands at 
3.87s(N-CH,,), 6.72 111 (aryl H's) and 9 .43s(CH0) .  
The aldeh>de absorption was broadened by the ex- 
pected long-range coupling to one of the aryl pro- 
tons (Gronowitz et al. 1961). In addition a chemical 
analysis corresponding to a niolecular formula of 
C,,H,,CINO was obtained. 

Bioassays were performed by tising the lost-ant 
technique, a method that is at least 10 times more 
4ensitive than the "minor worker bioassay" previoi~sly 
used by cis. This new bioassay was first cieveloped by 
S. \V. Kobinson. Leaf-cutting Ant Research Unit, 
University College of North Wales, Bangor, U.K. 
(personal comnirtnication ) , The present method is a 
niodification of Robinson's original idea. 

In the lost-ant bioassay, a 10-pl chloroform solu- 
tion of the candidate cheniical is used to describe a 
SO-crii circitlar circumference on cardboard. This 
cardhoard is used in the same way as in the pre- 
vious techniqile (Moser and UIilni 1963; Sonnet and 
Moser 1972). Howexer, the niinor workers are not 
taken from rt colony and placed in the center of the 
circle. The cardboard is simply placed on the tloor 
of a large ant cabinet (plexiglass box) where work- 
ers are already circulating (Fig. 1 ) .  The technique 
works best when a fungus garden with ants is placed 
in the box immediately after being brought in from 
the fi2ld. This releases immediate searching behavior, 
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I .  I.-Ant c:thinet conti~ining .I f ~ c \ h  f u n g ~ ~ \  g;irclen ( o n  the right) ;tnA :I citrdbo;~rd test \beet. 

prrovlcl~ng ,I t ~ t ' l x i t ~ ~ i ~ t ~ i  nitnlbcr ot ,tnts ,l\'ttiClhle tor 
finding the ,irtifici,il tratl rtn the carcit?o,~rct fhe  h ~ o -  
a\\:~) J \  nto\t efficient ~ ~ t t h i n  -3 h attcr the ,, t r  trcfcn I \  

intrudtrccd, After th'lt ttnic the ,int\ h:comc pro- 
grc\\ivel> more let hargrc 

Forty o r  nrorc hioa\\;i>\ C I I C  posithic ittiring ;r 3-11 
penoci-tcir more than w ~ t h  the olcl tecitnrcj~ie. An-  
other ,iil\,trlt,lgc I \  thitr '111 \i/c\ of \cc>rLcr% rc\pond 
to the htoCt\\:tt b ~ c ; ~ i ~ \ e  the '11;tr11i f ;icti)r I \  clit~ttn;ttcci 
f3! t hc oIc1 n>ct hctci o n l ?  n ~ i n o r  worker\ c~~ttlci  hc tt\ecl, 
b t ' ~ r ~ l l \ ~ "  I,irgcr- \t/e\ were too cic~t ; tb lc  when intro- 
~ I I I C L ' C I  ~ n t o  the center c t f  thc circlc "\(trct)\cr, the 

i.trgcr- ,lnt\ appear to he niore ctlicicnt \c,irchcr\ rh ,~n 
the minor worker\. 
.-I\ rrtrtny a \  100 ant., m'ty he milling on the cLtrcI 

, ~ t  .I given tinre. rnrihing prccisc count\ imptts\~hlc. 
I hc rdorc ,  scoring i~ tlenotcd by \trong. ntcdiilttl. 

'trld weaL. 11 strung rc\ponre i \  obtainccl when 50C,  
c.cr ntcrre of the worker\ follow the trail for a t  Ic,t%t 
i i r  cm cittring ;I 5-n~ in  period. A rnecliuin rc\pon\c 

I \  \ \hen :Ihoitt 10': toliofi. :tncl a weak rc\pon\c t i  

ttni! 2 ctr 3 iints. cfcfinitely follow. (£3ccati\c ( i t  the 
ci'rrnp cement base. \%eight\ ;ire needed ~r )  keep thc 
c,rrclhnard frorn ctirling ) 

;sf ilalogen 

t - I ( ,  2 -Ke1:rtrit. ;tctt\ ittc\ of the haloger1;ttetl pyrroles on . + I .  I ,  t / i t r t r .  
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